A portion of retropharyngeal lymph nodes from 6,824 wild cervids, comprising 1,458 white-tailed deer (Odocoileus virginianus), 5,345 mule deer (Odocoileus hemionus), 11 unidentified deer (Odocoileus spp.), and 10 elk (Cervus elaphus), were examined histologically for evidence of inflammation. Focal granulomatous lymphadenitis was detected in 0.3% of whitetailed deer, 1.3% of mule deer, and in one of 10 elk. Material consistent with Splendore-Hoeppli phenomenon was present in 70 (93%) of 75 cases of lymphadenitis. Replicate sections stained with Gram, acid fast, and methenamine silver stains were examined for organisms. Organisms morphologically consistent with Actinomyces spp. were found in one white-tailed deer; no organisms were detected in any of the other cases of lymphadenitis. Aerobic and anaerobic culture from frozen tissue from the lymph nodes was negative, as was polymerase chain reaction (PCR) for Mycobacterium spp. and Mycobacterium bovis. The method of sampling likely underestimated the prevalence of lymphadenitis.
INTRODUCTION
Chronic inflammation of lymph nodes of the head occurs in domestic ruminants in association with infection caused by a variety of microorganisms, notably Actinobacillus lignieresii in cattle and Corynebacterium pseudotuberculosis in sheep. Infection with Mycobacterium bovis may cause granulomatous lymphadenitis in cattle and deer (Griffin et al., 2006) , and the retropharyngeal lymph nodes are the most frequently involved site in deer infected naturally (Schmitt et al., 1997; O'Brien et al., 2001 ) and experimentally with M. bovis (Palmer et al., 2002) . Observation of chronic inflammation in retropharyngeal lymph nodes collected from wild deer in Saskatchewan, Canada, as part of a surveillance program for Chronic Wasting Disease (CWD) prompted this study to determine the prevalence and possible cause of lymphadenitis in wild deer.
MATERIALS AND METHODS
As part of the surveillance program for CWD in Saskatchewan, Canada, heads of white-tailed deer (Odocoileus virginianus), mule deer (Odocoileus hemionus), and elk (Cervus elaphus) were collected from hunters in the autumn of 2004. Most heads were frozen when submitted, and all were held frozen at ambient winter temperature until processed. At the time of processing, heads were thawed, identified to species and sex, and age was estimated based on tooth wear (Larson and Taber, 1980) . For CWD surveillance, a portion of the obex region of the medulla oblongata, the palatine tonsil, and one retropharyngeal lymph node from each animal were fixed in 10% neutral-buffered formalin for 24 hr, then treated with 95% formic acid for 1 hr, followed by immersion in a water bath for 15 min before routine histologic processing, sectioning at 6 mm, and immunohistochemical staining for abnormal prion protein with a hematoxylin counterstain (Spraker et al., 2002) . Another portion of retropharyngeal lymph node from each animal was stored at 220 C. Slides from all animals were examined for presence of abnormal prion protein, and only animals that were test negative for CWD were used for the present study. Hematoxylinstained sections of retropharyngeal lymph node from 1,458 white-tailed deer, 5,345 mule deer, 11 unidentified deer, and 10 elk were examined microscopically for evidence of inflammation. Replicate microscopic slides prepared from nodes with evidence of inflammation were stained with hematoxylin-eosin (H&E), Brown and Brenn (Gram) stain, Fite's acid fast stain, and Gomorri's methenamine silver stain (GMS; Luna, 1968) . Sections stained with these stains were examined microscopically at 4003 for at least 15 min for pathogens by a single observer.
The portion of retropharyngeal lymph node held at 220 C from each case with micro-scopic evidence of inflammation was thawed and divided into three portions. One portion was submitted to Prairie Diagnostic Services (PDS) Inc. (Saskatoon, Saskatchewan, Canada) for bacteriologic examination. A direct smear was stained with Gram stain and examined, and aerobic and anaerobic culture, using 5% sheep blood agar, was done. Plates were incubated at 37 C under 5% carbon dioxide condition for 5 days for aerobic culture. For anaerobic culture, duplicate plates were sealed in an anaerobic jar (Anaerocult A, EM Science, Gibbstown, New Jersey) and incubated at 37 C for 5 days. All agar plates were examined for growth of possible pathogens on days two and five of incubation.
Another portion of frozen lymph node from each deer was used for polymerase chain reaction (PCR) testing at PDS. The portion of lymph node was trimmed to a final total volume of tissue of 3-5 mm 3 . The DNA was extracted with lysis buffer (100 mM NaCl, 500 mM Tris [pH 8]), 10% sodium dodecyl sulfate (VWR Scientific Products, Mississauga, Ontario, Canada) followed by proteinase K (0.2 ng/ml) digestion (Promega Corporation, Madison, Wisconsin). The resulting product was ribolysed in a FastPrep TM FP120 machine (Thermo Savant, Holbrook, New York) at speed 6.0 for 45 sec with 100 ml of zirconium beads (Biospec Products Inc., Bartlesville, Oklahoma), followed by a second ribolyzing with an additional equal volume of phenolchloroform (1:1). Two solvent extractions with phenol-chloroform (1:1) were performed. Nucleic acids were concentrated by precipitation in cold, salted, 95% ethanol (1:10 volume 3 M sodium acetate), dried thoroughly in a vacuum, resuspended in 100 ml of sterile water and further diluted 1:100 in sterile water.
Nested PCR was performed for Mycobacterium spp. In primary PCR, amplification of a 792 base-pair fragment of the gene sequence of Mycobacterium sp. was performed using inhouse-designed primers Mb-Fl (59-CGGAG-GAATCACTTCGCA-39) and Mb-Rl (59-CTTGTTGACGACCAGGGT-39). The DNA was amplified in a 50-ml final reaction mixture consisting of 5 ml of 103 PCR buffer, 4 ml of 25 mM MgCl 2 , 0.5 ml of 25 mM dNTPs, 2 ml of each primer (20 pmol), 34.25 ml of H 2 O, 0.25 ml of Taq polymerase (5 U/ml), and 2 ml of sample DNA. (All reagents were supplied by Fennentas Life Sciences, Ontario, Ontario, Canada). The mixtures were placed in a PTC 200 thermal cycler (MJ Research, Watertown, Massachusetts; licensed by Perkin-Elmer Cetus, Norwalk, Connecticut). Initial incubation occurred at 94 C for 5 min. This was followed by 45 cycles of amplification at 94 C for 1 min, 60 C and 72 C for 1 min and 50 sec each. Finally, specimens were incubated at 72 C for 7 min. Secondary PCR was performed using primary PCR products and primers Mb-F2 (59-ACCAACGATGGTGTGTCCAT-39) and Mb-R2 (59-CTTGTCGAACCGCATACCCT-39) for detection of a 439 base-pair fragment of the Mycobacterium sp. gene sequence (Telenti et al. 1993) . DNA was amplified as described above for primary DNA amplification, except that the initial incubation occurred at 94 C for 5 min. This was followed by 45 cycles of amplification consisting of 94 C for 60 sec and 60 C and 72 C for 60 sec each. Finally, specimens were incubated at 72 C for 10 min. The PCR products were separated by electrophoresis through 1.5% agarose gel and visualized with ethidium bromide using ultraviolet light. Tissue from a wood bison (Bison bison athabascae) naturally infected with M. bovis was used as a positive control, and a PCR solution with water was used as a negative control.
Amplification of a 123 base-pair fragment of the IS611 0 insertion sequence gene region of Mycobacterium sp. (tuberculosis complex) was performed using the primers IS611 0-F (59-CTCGTCCAGCGCCGCTTCGG-39) and IS611 O-R (59-CCTGCGAGCGTAGGCGTC-GG-39). The DNA was amplified as described above for primary DNA amplification, except that initial incubation occurred at 94 C for 10 min followed by 72 C for 135 sec. This was followed by 40 cycles of amplification consisting of 94 C for 45 sec and 72 C for 85 sec. Finally, specimens were incubated at 72 C for 10 min. Respective positive and negative controls and separation of PCR products were used as described above.
Because we were concerned that treatment with 95% formic acid might have interfered with the special stains used to detect bacteria, three small trials were performed. A portion of fresh tissue from a bovine infected with Actinomyces bovis (lumpy jaw) was fixed in 10% neutral-buffered formalin for 24 hr, treated with decalcifying solution (20% formic acid, 36.5% formaldehyde solution, and distilled water in 1:1:5 ratio) for 4 days and then divided into two portions. One portion was processed using the 95% formic acid treatment and histologic procedures used for the deer tissues. The other was submitted for histologic procedures without prior treatment with 95% formic acid. In the second trial, fixed tissue known to contain acid-fast bacilli from a cow with paratuberculosis, two chickens with avian tuberculosis, and an elk infected with M. bovis, were each divided into two portions. One portion was treated with 95% formic acid before processing, and the other was submit-ted for processing without formic acid treatment. The two tissue portions from each of the animals were mounted in a single paraffin block, sectioned, and stained with Fite's acid fast stain. In the third trial, a portion of frozen lymph node from 26 (34.7%) of the 75 animals with lymphadenitis was fixed in 10% neutral buffered formalin and then processed histologically without prior treatment with 95% formic acid, sectioned, and stained with H&E and the other stains described previously.
RESULTS
Species, sex, and age of the animals examined are shown in Table 1 . Seventyfive animals comprising 70 mule deer, four white-tailed deer, and one elk had microscopic evidence of lymphadenitis (Table 1) . The prevalence of lymphadenitis in mule deer (1.3%, 70/5,345) was significantly greater than that in white-tailed deer (0.3%, 4/1,458; x 2 511.41, P50.0007). The prevalence in males and females was not significantly different in either white-tailed or mule deer. In white-tailed deer, the prevalence in fawns was not significantly different from that in adults (x 2 50.15, P50.6979). In mule deer, the prevalence in fawns was significantly less than that in yearlings (x 2 54.85, P50.0277) and adults Microscopic lesions in the lymph nodes consisted of single to multiple foci, composed of large numbers of macrophages with a few multinucleated giant cells, and rimmed by moderate numbers of lymphocytes and plasma cells and a small amount of fibrous tissue. Large numbers of neutrophils were present in some cases. In 70 cases (93%), there were radiating, clubshaped bodies of homogeneous eosinophilic material (Splendore-Hoeppli material [SH] ) within the inflammatory foci (Fig. 1) . No microorganisms were identified in sections stained with Gram stain, GMS stain, or Fite's acid fast stain from 74 of the cases. In one white-tailed deer, an aggregation of branching filamentous organisms that stained positive in Gram stain and GMS stain (Fig. 2) , but negative in Fite's acid fast stain, was seen. This staining pattern is consistent with that of Actinomyces spp. (Biberstein and Hirsch, 2004) . Lesions similar to those described above were found in 10 (38.5%) of the 26 cases from which tissue frozen at 270 C was thawed, fixed in 10% neutral-buffered formalin, and prepared routinely for histopathologic examination without treatment with 95% formic acid. No microorganisms were observed in any of the 26 cases. No pathogens were identified in Gramstained smears taken from lymph nodes from any of the 75 cases. Aerobic and anaerobic cultures of retropharyngeal lymph nodes were negative. Tissues from all cases were negative for Mycobacterium spp. and M. bovis by PCR.
The specimen of bovine actinomycosis had pyogranulomatous inflammation associated with SH phenomenon visible in H&E stain. Branching filamentous organisms that were Gram positive, GMS positive, and that did not stain acid fast, were equally visible in the center of SH phenomenon on tissue with and without treatment with 95% formic acid. Formic acid treatment had no visible effect on acid-fast staining of bacteria in any of the cases of mycobacterial infection tested.
DISCUSSION
We detected lymphadenitis in 1.1% of the deer and elk (75/6,824) examined. In a similar survey in Nebraska, USA, Steffen et al. (1999) reported lymphadenitis in 3% of 271 white-tailed deer. The difference in prevalence may be related to differences in sampling because multiple lymph nodes from adult deer were examined in Nebraska, USA, whereas we examined a single node from deer of all ages. The apparent prevalence in our study probably underestimates the actual prevalence of lymphadenitis. The lesions were small and focal, and hence, likely to be missed in the 6-mm section examined per animal. This is illustrated by finding lesions in only 10 (39%) of 26 positive cases when a second section was prepared from another area of the same node.
The prevalence in mule deer .1 yr old was significantly greater than that in white-tailed deer of the same age, which might suggest that mule deer are more vulnerable to lymphadenitis than whitetailed deer. The prevalence in deer ,1 yr old (species combined) was significantly less than that in deer .1 yr old, suggesting that lymphadenitis is a chronic condition that accumulates with age.
The identity of the organism(s) responsible for lesions in the retropharyngeal lymph nodes of wild deer was not established. We detected microorganisms in only one animal. The lesion in that animal contained filamentous organisms consistent with Actinomyces spp. No FIGURE 2. Filamentous microorganisms within a granuloma in the retropharyngeal lymph node of a white-tailed deer. Splendore-Hoeppli material that was present about the bacteria is not evident in this methenamine silver-stained section. microorganisms were detected in similar lesions from deer in Nebraska, USA, using Gram and acid-fast stains (Steffen et al., 1999) . Tissue handling, including freezing and thawing before fixation, may have influenced our ability to identify microorganisms. Treatment with 95% formic acid was unlikely to have affected the special stains for pathogens.
Material consistent with SH was found in 93% of the lesions. This material is considered to be antigen-antibody complex and may be associated with immunoglobulin, complement cell debris from degenerate leukocytes or eosinophilic granule major protein (Schlossberget al., 1998; Read et al., 2005) . It is a nonspecific phenomenon reported in many chronic conditions including infection by fungi, helminths, and certain bacteria, as well as in foreign body reactions to material such as sutures (Johnson, 1976) . This material has been reported in infections caused by Arcanobacterium pyogenes, Actinobacillus lignieresii, and Actinomyces bovis in ruminants (Seifi et al., 2003; Songer and Post 2005) . The SH phenomenon has not been associated with Mycobacterium spp. infection in deer (Fizgerald et al., 2000) . We did not observe foreign material in the retropharyngeal lymph nodes in any of the lesions, and we believe the lesions may have resulted from prior infection by bacteria from the oral cavity. Based on the combination of failure to find acid-fast bacteria and the negative PCR analysis for Mycobacterium spp. and M. bovis, we believe that is unlikely that the lesions in the deer we examined were caused by Mycobacterium spp.
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